of electrical activity from neurons in Auerbath's plexus described cells which showed burst patterns of spontaneous action potentials (23, 33, 36) . Discharge from these neurons was correlated with low levels of mechanical activity in the circular muscle layer. Mechanical activity of the circular muscle increased to high levels during blockade of neuronal discharge by pharmacological agents. It was postulated that the circular muscle may be maintained in a state of inhibition by the continuous release of an inhibitory transmitter substance from spontaneously active neurons (33, 34, 36) . In the absence of ganglion cells and inhibition, myogenic pacemakers trigger action potentials and contractions in the circular muscle (17, 26) . This p a p er reports on excitation of the circular muscle layer produced by atropine, procaine, tetrodotoxin, and Xylocaine?
and presents findings which indicate that Tyrode solution and removing the mucosa. After the mucosa was removed, the wall of the intestine was cut to produce circular bands 3-4 mm wide; the bands were cut at the mesenteric border to yield strips of intestinal wall in which the circular muscle fibers were parallel to the long axis of the strip; the muscle fibers of the longitudinal coat renlained on the preparation. The strips were vertically mounted in 30-ml organ baths and were attached by silk thread to Grass force-displacement transducers. Basal tension was adjusted at 1.5-Z g. The records were analyzed by averaging the contraction amplitude over a 5-min period beginning 3 min after application of a particular drug.
Experiments with intact segments of intestine were done at 37 C and experiments with transverse strips at 34-36 C. In both cases the bath was continuously gassed with 95 % 02-5 '7 coa.
Drug concentrations are expressed in terms of the salt. Drugs cwere dissolved in 0.9 % NaCl, and concentrated solutions were injected directly into the bath to give the final desired concentration.
The following drugs were used: acetylcholine chloride, atropine sulphate, eserine sulphate, guanethidine sulphate, L-hyoscyamine hydrobromide, lidoCaine hydrochloride (xylocaine), methacholine bromide, procaine hydrochloride, and tetrodotoxin.
RESULTS
Low levels of mechanical activity of the circular muscle, electrical slow waves of the longitudinal muscle, and absence of action potentials of the circular muscle were characteristic of all 51 preparations after 30 min of equilibration (Figs. 1A and ZA). The frequency of the low-amplitude contractions of the circular muscle was always the same as the frequency of the electrical slow waves.
Effect5 of a&opine and nerve-blocking agents on intact segments. Atropine, procaine, tetrodotoxin, and xylocaine gave rise to increased levels of spontaneous activity in the circular muscle layer. The application of progressively increasing doses of these drugs was followed by the appearance of action potentials of the circular muscle localized at or near the crests of the electrical slow waves and by a progressive increase in the amplitude of the contractions of the circular muscle ( Figs. 1, 2, and 3C). The frequency of contraction of the circular muscle in the presence of these drugs was always the same as the frequency of the electrical slow waxs. The results for each drug are given in Table  1 . The amplitude of contraction was reduced relative to rnaxinlum at concentrations of xylocaine greater than 5.0 X 10m4 g/ml. The number of slow waves accompanied by action potentials of the circular muscle was increased by each of these drugs. At high concentrations of atropine, procaine, and xylocaine, the frequency of electrical slow waves was reduced relative to controls, with the greatest reduction produced by xylocaine. The increased activity in the presence of any one of the four compounds continued without decrement for periods up to 45 min. The excitatory effects were reversed by washing the tissue with normal Tyrode solution. In the presence of tetrodotoxin ( 10B6 g/ml), the addition of xylocaine (2.5 X 10D5 g/ml) increased further the amplitude of circular muscle contractions. The increase amounted to 1.2-3.6 times the level in tetrodotoxin only. In the presence of tetrodotoxin ( low6 g/ml), concentrations of xylocaine greater than 2.5 X lOA g/ml decreased the anlplitude of circular muscle contraction relative to masinium. Electrical stimulation and efects of atropine and nerve-blocking drugs. Transmural electrical stimulation with repetitive square pulses of less than 0.5 msec duration abolished circular muscle action potentials and associated contraction that occurred in intact segments of intestine in the presence of atropine, but not in procaine, tetrodotoxin, or xylocaine (Figs. lC, 20) . Wh en the stimulus was terminated, the inhibition was followed by a contraction of increased amplitude.
The inhibitory dotoxin, and xylocaine were present in the bath. The mechanical stimulus consisted of pressing the blunt tip of a 2-mm*diam glass rod omo the serosa to produce a shallow dimple.
Over 40% of the preparations were tested in this manner.
In preparations equilibrated for 30 min or more, the mechanical stimulus either elicited a. narrow band of circular contraction or no response, as observed microscopically. In the presence of the above drugs, a mechanical stimulus elicited a band of circular muscle contraction which was often observed to spread for distances of l-4 cm in the longitudinal axis of the intestine. Electrical and mechanical components of such a conducted response with both tetrodotoxin and xylocaine present in the bath are shown in Fig. 4 . Propagation velocity of the circular muscle action potentials in the longitudinal axis in the presence of both tetrodotoxin and xylocaine was 8.8 =t .34 mm/set (&SIX; n= 8, two preparations).
The velocity of propagation of action potentials was not significantly different from the propagation velocity of contractile waves of the circular muscle which was 9.3 =f: 2.1 mm/set.
Action potentials and contractions of the circular muscle were propagated with equal facility in both oral and aboral directions in the presence of tetrodotoxin and xylocaine. Effects of cold storage on res@onse of transverse strips to atropine and,-nerve-blocking agents. The circular muscle of the cat small intestine remains viable for periods of time up to 10 days when stored in Tyrode solution at 5-8 C. However, the enteric neurons may deteriorate at a faster rate than the muscle. Wood (33) could not record spontaneous activity from neurons of Auerbach's plexus after 32 hr of refrigeration, and Kuriyama et al. ( 19) found that the guinea pig small intestine after 100 hr of refrigeration behaved as did fresh preparations in the presence of tetrodotoxin. The purpose of these experiments was to determine whether the response of circular muscle of the cat to L-hyoscyamine electrical stimulation did not occur after 1 X 10B4 g/ml xylocaine (all of seven experiments), 5 X 10e4 g/ml procaine (all of five experiments), and 1 X low6 g/ml tetrodotoxin (all of four experiments) were added to the bath with atropine present (Figs. 20, 10 ). Guanethidine 5 X 10m5 -1 X 10e4 g/ml, in all of four preparations, did not antagonize the inhibitory response or the poststimulus rebound when placed in the bath 30 min prior to electrical stimulation.
Efects of a&opine and nerve-blocking agents on conducted response to mechanical stimulation. In intact segments of intestine, the excitability of circular muscle to mechanical stimulation was increased when atropine, procaine, tetro- and xylocaine would be altered by long-term storage at cold temperature.
Responses to the drugs were examined in strips taken from the intestine immediately after removal from the animal and in strips taken from the same intestine on each of 5-7 consecutive days of cold storage.
Spontaneous contractions occurred in all of the 56 strips of circular muscle examined. Tetrodotoxin was tested on strips of fresh intestine from three different animals and was found to produce at a concentration of 3.3 X 10m7 gl'rnl an increase in mean amplitude of spontaneous contraction which amounted to 350 =t (SE) 56% of control values (Fig. 3, A and B) ; at a concentration of 1.3 X lo+ g/ml, thcL contraction amplitude was further increased to 470 rt 69';; of the controls. Addition of xylocaine (6.0 X 10-j g/nnl) to the bath containing tetrodotoxin (1.3 X lo+ g&11) further increased the amblitude of contraction to a mean value of 8 10 & 94 % of controls prior to tetrodotoxin.
In strips of fresh intestine, the amplitude of circular muscle contraction was increased relative to controls in the presence of xylocaine (Fig. 5, A and B ; Table  2 ). The increase was progressive as the cumulative concentration of xylocaine was increased from 1 X 10B5 to 1.3 X lOA A: control. B: xylocaine 3.3 X 10m5 g/ml. C: 6.6 X 10B5 g/ml.
D: 2.6 X 100~ g/ml. E; 3.3 X 10e4 g/ml. F: 4.0 X 10B4 g/ml.
G: 4.6 X 10e4 g/ml. B: L-hyoscyamine 1.3 X lOa g/ml. C: L-hyoscyamine 3.3 X low4 g/ml. D: L-hyoscyamine 5.3 X 10e4 g/ml. E: 6.6 X 10e5 g/ml xylocaine.
F: 2.6 X 1O-4 g/ml xylocaine. g/ml. With further incremental increase in concentration of xylocaine from 1.3 X lOA to 4.6 X 10B4 g/ml, the amplitude progressively declined relative to the maximal response (Fig. 5, D-G Table 3 ). High concentrations up to 6.6 X low4 g/ml did not significantly reduce the amplitude of contractions relative to maximum (Fig. 6, A-D) . However, addition of xylocaine at concentrations greater than 1.3 X 1 Oe4 g/ml in the presence of high concentrations of L-hyoscyamine (5.3 X 10e4 -6.6 X 1 OS4 g/ml) produced in all experiments a reduction in amplitude that was directly related to the concentration of xylocaine (Fig. 6 F) . Concentration increments of xylocaine from 3.3 X 10m5 to 1 X 10m4 g/ml produced no increase in the amplitude of contraction in the presence of the same high concentrations of L-hyoscyamine ( Fig. 6 ; Table 3 ). Xylocaine and L-hyoscyamine did not have excitatory effects on transverse strips from intestine that had been refrigerated longer than 7 dayt (Fig. 11, A , B, D, and E). Tables  1 and 2 give results for L-hyoscyamine, xylocaine, and barium chloride on transverse strips of fresh intestine and intestine stored in the cold for periods of l-7 days. 3. E$ects of long-term storage on contractile response of transverse strips of intestine to progressively increased concentrations of A-hyoscyamine, to xylocaine in presence of A-hyoscyamine (6.6 X 10e4 g/ml) and to ba'rium chloride tion as D beginning 3 min after L-hyoscyamine 4.6 X 10B4 g/ml.
in some neurons, inward sodium cur- On all refrigerated strips, xylocaine at high concentrations had inhibitory effects that were similar to the effects on fresh preparations (Fig. 7C) . Contractions in all preparations showed a vigorous increase after application of barium chloride, and this effect persisted in refrigerated strips that were no longer stimula ted by xylocaine or L-hyoscyan-line (Fig. 7 F ; Tables 2 and 3 ).
The excitatory effects of xylocaine were not potentiated bv eserine 5 X low5 g/ml (three experiments) and were I not mimicked by acyetlcholine. Acetylcholine and methacholine in concentrations as great as 5 X 10m6 g/ml had only feeble effects or none at all (six preparations) on the transverse strips. involved in excitation of circular muscle by atropine, procaine, tetrodotoxin, and xylocaine is depolarization of muscle cell membranes which leads to increased discharge of action potentials and associated increase in force of contraction.
However, the results are not consistent with a mechanism of direct action on the smooth muscle cells. Loss of the excitatory response to L-hyoscyamine and xyloCaine after long-term storage under hypoxic conditions suggests that failure to obtain excitation may coincide with deterioration of enteric neurons, which are believed to be more susceptible than the muscle to adverse conditions of hypoxia and storage (15, 19, 28, 33 
